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ABSTRACT. Abundance and temporal distribution of Gonioterma exquisita Duckworth (Lepidoptera, Elachistidae,
Stenomatinae) on Byrsonima pachyphylla Griseb. (Malpighiaceae) in the Brazilian Cerrado. The seasonal characteristics
of the Cerrado region strongly influence food resource predictability and vegetal tissue nutritional content. The aims of
this work were to record the abundance and temporal distribution of Gonioterma exquisita Duckworth, 1964 (Lepidoptera,
Elachistidae) and its relation with phenological, physical, and chemical traits of the host plant Byrsonima pachyphylla
Griseb. (Malpighiaceae). Four nutritional quality parameters were determined for new and mature leaves: gross protein
and nitrogen content, dry matter, and in vitro digestibility. We inspected 200 plants per month, searching for G. exquisita
caterpillars. About 35.8% of the 2,400 plants inspected presented caterpillars, with an abundance peak in the wet season.
Caterpillar abundance was positively correlated with mature leaf availability, their food resource. Although mature leaves
presented lower gross protein and nitrogen contents than new leaves, this difference was small during the abundance peak
of G. exquisita.
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RESUMO. Abundancia e distribuicao temporal de Gonioterma exquisita Duckworth (Lepidoptera, Elachistidae,
Stenomatinae) em Byrsonima pachyphylla Griseb. (Malpighiaceae) no Cerrado brasileiro. As caracteristicas sazonais da
regido do Cerrado influenciam fortemente a previsibilidade dos recursos alimentares no tempo e no espago como também
a qualidade nutricional dos tecidos vegetais. Os objetivos deste trabalho foram registrar a abundancia e a distribuicéo
temporal de Gonioterma exquisita Duckworth, 1964 (Lepidoptera, Elachistidae) e sua relagdo com aspectos fenol 6gicos,
fisicos e quimicos de sua planta hospedeira, Byrsonima pachyphylla Griseb. (Malpighiaceae). Quatro parametros
nutricionais foram determinados para folhas novas e maduras: proteina bruta, conteido de Nitrogénio, matéria seca e
digestibilidade in vitro. Inspecionamos, mensalmente, 200 plantas a procura de lagartas de G. exquisita. Das 2.400 plantas
inspecionadas, 35.8% apresentaram lagartas e seu pico de abundancia ocorreu na estagdo chuvosa. A abundancia de
lagartas mostrou correlagéo positiva com a disponibilidade de folhas maduras, seu recurso alimentar. Embora as folhas
maduras tenham apresentado taxas menores de proteina bruta e de Nitrogénio que as folhas novas, esta diferenca foi
muito pequena durante o pico de abundancia de G. exquisita.

PALAVRAS-CHAVE. Defesas mecanicas; dieta restrita; fenologia foliar; qualidade nutricional.

Tropical insectsare highly seasonal (Janzen 1993). In Costa
Rica, the highest caterpillar abundance occurs during the first
three months of the wet season, from May to July (Janzen
1993). Inthe Brazilian Cerrado, however, thispeak happensin
thefirst half of thedry season, which coincidently corresponds
to the same months (Morais et al. 1999). Knowledge about
seasonal abundance fluctuations of tropical insect populations
relies on several studies on adult insects, and usually is
restricted to afew species. In general, thereisalack of studies
about seasonal activities of immature insects (Morais et al.
1999).

Understanding the composition and diversity of
herbivorous insects for individual plant species provides
means of investigating the importance of morphological and
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phenological plant traits on associated fauna (Andrade et al.
1999). Plants attacked mainly by generalist species may be
able to escape these herbivores in evolutionary time by
evolving chemically novel deterrents, liketoxins, to distinguish
themselvesfrom other neighboring potential hosts. In contrast,
an herbivore fauna consisting mostly of specialists may be
much moredifficult to evade (Marquiset al. 2002). A specialist
insect may have synchrony with plant phenology and be
favored by reducing significantly the metabolic costs of its
devel opment (Bendicho-Lépez & Diniz 2004).

The survey of immature lepidopteran in the Brazilian
Cerrado began in the 1990s. The caterpillar’s low density
relative to their food availability and ahigh incidence of rare
species seemsto characterize the Cerrado (Priceet al. 1995).
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Diniz & Morais(1997) observed that most | epidopteran species
in the Cerrado (74%) occurred exclusively on a single host
plant family, what suggests a high degree of diet specificity.
Regarding the caterpillar seasonality inthe Cerrado, Moraiset
al. (1999), working with nine plant species over severa years,
found that the caterpillar frequency increased in the beginning
of the dry season (mid-April), remained high until mid-July
and decreased thereafter, reaching smaller numbersin October,
the beginning of the wet season in the Cerrado region.

The species considered in this study, Gonioterma exquisita
Duckworth, 1964 (Elachistidae), isasmall and inconspicuous
moth, both in appearance and life style. In the recent
classification by Hodges (1999), Stenomatinae (formerly placed
in Oecophoridae) was included in a revised and expanded
concept of Elachistidae. Diniz et al. (2001) published alist of
caterpillars associated with plants in the Brazilian Cerrado,
wherethe Elachi stidaefigured asthe most speciose family (62
species). Thegenus Gonioter maWalsingham, 1897 isrestricted
to tropical America (Heppner 1984), and the only references
about G, exquisita prior to the 1990s was its description by
Duckworth (1964) and some bionomic databy Travassos-Filho
(1972). Thisspeciesoccursinthe Brazilian Cerrado (Diniz et
al. 2001), and itscaterpillar isnarrow and oligophagous, feeds
exclusively on pubescent Byrsonyma (M al pighiaceae) leaves,
and builds frass and silk planorbid-shaped shelters (Andrade
etal. 1999; Diniz et al. 2000).

Gonioterma exquisita occurs on plants of the family
Mal pighiaceae, which hasitsorigin and distribution center in
South America, with 85% of the species occurring in tropical
America (Davis et al. 2002). The genus Byrsonima Rich. is
native of the tropics and subtropicswith awidedistributionin
Central and SouthAmerica, Mexico, and Florida(Barros 1992).
There are 25 species in the Brazilian Cerrado (Ratter et al.
2000) and 10 inthe Distrito Federal (Brazil) alone. Byrsonima
pachyphyllaisoneof the host speciesin the Brazilian Cerrado.
Leaf expansion in these plants takes about 50 days and
produces pubescent and alkal oid-containing leaves (Marquis
etal. 2001). Recently, Cavalcanti & Ramos (2001) pointed out
that Byrsonima crassa Niedenzu and B. pachyphylla Griseb.
are synonymous (hereafter this synonym is implied in all
references prior to this publication).

The focus of this paper is to investigate the temporal
distribution of G exquisita caterpillars on B. pachyphylla and
its possiblerelationshipswith leaf phenol ogy of the host plant,
including variation in physical and chemical |eaf traitsthrough
the dry and wet seasons in the Brazilian Cerrado. The
hypothesistested wasthat inthe wet period relatively younger
leaves and better nutritional quality of food resources could
support agreater number of caterpillars.

MATERIALAND METHODS

Thefield site, acerrado sensu stricto (Goodland 1971) area
islocated at the University of BrasiliaExperimental Farm - FAL
(Fazenda Agua Limpa, 15°55'S, 47°55' W), Distrito Federal,
Brazil, at 1,100 min elevation. The Cerrado region hasasharp

seasonal climate: adry season from May to September and a
wet season from October to April. Detailed information about
FAL vegetation can be found in Ratter (1991). The climate
data of the field work period were provided by the
Meteorological Station of the Ecological Reserve, Serra do
Roncador — RECOR/IBGE in Brasilia, DF (15°56'41"S,
47°53'07"W; 1,100 min elevation), contiguousto FAL.

Thework was carried out from October 2001 to September
2002. Every month, 200 different individual s of B. pachyphylla
from 0.5 to 2 m in height were inspected. For all plants, we
carefully recorded number and size of G exquisita caterpillars,
leaf phenological stage, and presence of flowers and fruits.
Some caterpillars were collected and reared under laboratory
conditions. The specieswasidentified by Dr. Vitor O. Becker.
Voucher specimens are deposited in the Entomological
Collection of the Zoology Department at the University of
Brasilia

The relative size of caterpillarsin the field was inferred
based onthe shelter cover diameter (Fig. 1A; 1B) and classified
into three categories: small - S(1 cmor less); medium - M (from
1.1to2cm)andlarge- L (upto2cm). Leaveswere characterized
according to their relative age using the following categories:
1) new leaves (N) — expanding or recently expanded leaves
still flexible and covered with trichomes on both surfaces (Fig.
2A); 2) matureleaves (M) —fully expanded leaves, inflexible
and partially covered with trichomes or glabrous leaves (Fig.
2B); and 3) old leaves (O) glabrous yellowish, or dry leaves
still attached to the plant (Fig. 2C). The abaxial surface of new
and mature leaveswas pubescent (Fig. 2D). Leaf characteristics
were evaluated monthly on 10 plants by collecting one new
and one mature undamaged |eaf from each plant (totaling 120
new and 120 mature leavesin the one year period). Trichome
density (% of covered area) was estimated from three 1 cm?
patches on both sides of each |eaf. Water content (WC) and
the specific leaf weight (SLW) of these leaves were estimated
by first weighing fresh leaves that had been kept on ice and
weighing them again after drying for 72 h at 65° C, when the
mass stabilized.

Leaf nutritional quality was measured four timesin2002in
theAnalytical Chemistry Laboratory of EMBRAPA Cerrados
inBrasilia: April (transition from wet to dry season); July (dry
season); September (transition from dry to wet season) and
December (wet season). Total nitrogen (N), invitro digestibility
(IVD), grossprotein (GP) and dry matter (DM) weredetermined.
One new and one mature undamaged leaves were collected
from 10 plants (totaling 10 new and 10 mature leavesin each
period). Theleavesweredried for 72 hoursat 65° C, and then
pulverized for the analysis.

We used the Mann-Whitney test with a significance level
of 0.05 to evaluate differences in physical characteristics of
the host plant. Spearman correlation was used to verify the
relationship between G. exquisita abundance and food
resource (mature leaves) availability of the host plant (Fig.
2E). All statistical analyseswere conducted using BioEstat 2.0
(Ayreset al. 2000).
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Fig. 1. A, Shelter of Gonioterma exquisita covered with Byrsonima leaf
trichomes; B, Shelter cover partially removed.

RESULTS

Overall we examined 2,400 plants, 461 of which presented
1,744 live caterpillars and 760 dead caterpillars or empty
sheltersof G. exquisita. Forty-five caterpillarsin diapause were
observed on the surrounding herbaceous vegetation (not
included in the number of live caterpillars). We also found
1,087 caterpillars of 39 species. Thus G exquisita was the
most common |epidopteran species associated with B.
pachyphylla and its occurrence (expressed as the number of
plants with caterpillars) and abundance (absolute number of
caterpillars) increased in January and remained high until
March, during the second half of the wet season, and then
declined sharply (Tab.l).

The abundance of G. exquisita showed no significant
correlation with local average annual rainfall. The host plant
produces leaves all year round with peaks from September
through November (Tab.l). The abundance of G. exquisita
caterpillars was associated with leaf phenology (Tab.l). It was
positively correlated with availability of mature leaves
(Rs,mmanzo-%l?’? p=0.0003) and negatively correlated with
availability of new leaves (R, . =-0.598; p=0.0399). There
was no correlation with old leaves. Even though leaves of all
relative ageswere avail able throughout the year, mature leaves
werethe most abundant and lasting resource of B. pachyphylla
(Tab. 1).

The average leaf adaxial pubescence was significantly
different (p=0.0009) between seasons only for new leaves
(Tab. 1), whereas | eaf abaxial pubescence (Fig. 2D) showed
no significant variation with leaf age or season. Specific leaf
weight (SLW) varied significantly between seasonsfor mature
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Fig. 2. Byrsonima pachyphylla leaf aspect across relative ages. A, new;
B, mature; C, old; 2, abaxial surface; E, general view of the plant.

leaves (p=0.0378) but not for new ones (p=0.2965). From
January through March and in May and July there were no
significant differences between relative leaf ages. There was
no correlation between SLW and G. exquisita abundance. Water
content varied significantly between seasons for new leaves
(p=0.0097) but not for mature leaves (p=0.2461) (Tab. I1). Only
in January, February, and July there were no significant
differencesin water content between relative leaf age. There
was no correlation between mean water content and G
exquisita abundance.

Theinvitro digestibility of mature leaveswas greater than
for new leaves, but this difference decreased during the dry/
wet season transition. Gross protein and nitrogen content of
mature leaveswere|lower thanin new ones, but little difference
was observed in the wet season. The dry matter did not vary
with relative leaf age or season (Tab. 11).
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Table I. Month occurrence and abundance of Gonioterma exquisita
caterpillars in Byrsonima pachyphylla and its leaf phenology.

N° plants O

Month/ - % mature %new  %old
Year W't.h caterpillars  leaves leaves leaves
caterpillars
Wet season
Oct/01 0 0 49.63 46.98 3.40
Nov/01 0 0 60.65 37.25 2.10
Dec/01 02 07 72.25 27.20 0.55
Jan/02 105 488 82.80 17.20 0.00
Feb/02 137 716 86.55 7.75 5.70
Mar/02 99 345 82.55 7.65 9.80
Apr/02 35 59 83.40 11.35 5.25
Dry season
May/02 40 62 79.20 13.00 7.80
Jun/02 24 42 83.00 5.85 11.15
Jul/02 19 25 71.85 4,10 24.05
Aug/02 0 0 48.60 1435 37.05
Sep/02 0 0 32.35 4240 2525
Total 461 1.744 69.40 1959 11.01
DISCUSSION

The overall attack of plants by G exquisita caterpillars
(19.21%) differed from the attack pattern noted for Cerrado
plants from previous studies (=10%) (Diniz & Morais 1997;
Bendicho-L6pez & Diniz 2004). Caterpillar occurrence and
abundance in B. pachyphylla was higher during the second
half of the wet season, contrasting with the general pattern for
the Cerrado, an abundance peak of caterpillars from may to
July (dry season), reported by Morais et al. (1999) for 137
lepidopteran species. Janzen (1993) found that most of the
lepidopteran species in Santa Rosa National Park in Costa
Ricashowed aseasonality similar to G exquisitaintheBrazilian
Cerrado: low caterpillar abundance at the beginning of thewet
season (October to December).

Many possible explanations could be used to account for
monthly abundance variation. Low caterpillar abundance in
the first three months of the wet season might be due to: 1)
delay inoviposition; 2) timerequired for eggsto hatch (Janzen
1993); and 3) temporary monopolization of food resources by
G exquisita consuming B. pachyphylla leaves with higher
nutritional quality and digestibility (Tab. I11) during peak
abundance. It could reduce the permanencetime of caterpillars

on the plant, aswell as the need for switching to another host
plant, reducing the chance of predator and parasitoid attacks.
Joneset al. (2002) stated that shelter-building caterpillarsare
generally palatable. Conspicuous caterpillars may provide not
only visual cuesto natural enemies but chemical aswell, by
causing plants to release volatile compounds in response to
the herbivory. Thus, the presence of other caterpillar species
can make G, exquisita more vulnerable.

Larval development of G. exquisita seemsto be repressed
by leaf deciduity peak (August-September) and new |eaf
production peak (September-November) (Tab. 1). Thereduction
inavailability and nutritional quality of matureleavescan also
hamper larval development (Tab. I11). Itisworth to remember
that during this critical period the environmental conditions
change from the drought stress to heavy rains. The low
abundance of caterpillars at the beginning of the wet season
(October-November) could be an escape strategy from
predators and parasitoids, more numerous just after the first
rains(Moraiset al. 1999).

The trichomes are generally considered to be mechanical
and chemical barriers to herbivory (Paleari & Santos 1998;
Ribeiro & Fernandes 2000). Nevertheless, the perennial
trichome abaxial cover of B. pachyphylla suggests the
preference of G. exquisitafor the host plant, it makes ashelter
cover withtrichomesand silk (Dinizet al. 2000). In B. intermedia
Juss., whose leaf pubescence is reduced as compared to B.
pachyphylla, G. exquisita utilizes silk and frass to make a
shelter cover (Travassos-Filho 1972).

The results of SLW showed a high sclerophylly in both
new and matureleaves’ relative ages of B. pachyphylla, which
is characteristic of evergreen species (Leoni 1997), although
this is a deciduous species. Leaf deciduity, common in the
Cerrado, represents avegetative adaptation against water loss
and nutritional deficit. Nutrient retranslocation, mainly of
nitrogen and potassium (Oki 2000), could explain the oscillation
of nitrogen content in our samples (Tab. 111). Larcher (2000)
suggested that the decrease of nitrogen content may berelated
to water stress. Plant tissues generally contain low
concentrations of nitrogen with an average of 2.14 % (n =400
plant species) (Auebach & Strong 1981). In Cerrado plants,
this percentage is even lower (Marquis et al. 2001). Thein
vitro digestibility may be associated with the oscillation of
tannin rates. Oki (2000) found that the production of tannin
varies seasonally in B. intermedia. Caterpillar preference for
mature leaves can be tentatively explained by a combination

Table Il. Leaf physical characteristics of Byrsonima pachyphylla within and between seasons. Data are presented as mean + SD (Standard

deviation). SLW=specific leaf weight and WC=water content.

New |eaves New |leaves
Season
w WC (%) adaxid SwW WC (%) adaxial
(mg/cn?) pubescence (%) (mg/cm?) pubescence (%)
Wet (Oct-Apr) 14,89+ 2,58 54,07 £ 5,57 65,11 + 24,86 17,26 £ 2,40 49,36 + 4,10 1,53+ 3,99
Dry (May-Sep) 1438+ 2,66 56,43+ 7,97 74,47 + 18,04 16,66 * 2,56 50,00 + 4,42 0,51+ 2,15
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Table I11. Leaf chemical characteristics of Byrsonima pachyphylla throughout the year of 2002. VD= in vitro digestibility; N= Nitrogen content;

GP= gross protein and DM= dry matter.

- April July September December
Analysis (%) (wet/dry) (dry) (dry/wet) (wet)
New Mature New Mature New Mature New Mature
IVD 15.85 24.47 22.48 29.74 14.17 19.03 12.01 20.04
N 1.98 0.89 0.78 0.67 1.45 0.87 151 141
GP 12.76 5.75 5.00 4.34 9.00 6.00 10.00 9.00
DM 96.91 96.94 96.44 96.47 97.48 97.83 96.31 97.71
of small differencesin nitrogen and gross protein contentsin REFERENCES

the wet season associated with the higher digestibility.

Some studies indicate that food resources are availablein
high quantitiesto folivorousinsectsin the Cerrado, but thisis
not reflected by ahigher insect abundance (Moraiset al. 1995).
Thus the community structure is not based on competitive
relationshipsand factors such as abiotic seasonality, predators,
parasitoids, and leaf nutritional quality may be moreimportant
in shaping the community. In fact, Begon & Mortimer (1993)
stated that local speciesdiversity isdirectly related to predator
efficiency to prevent the monopolization of the main
environmental resource by a single species. Since mature
leaves are the most abundant and predictable resource in B.
pachyphylla, it is expected that G. exquisita be restricted to
them. The cryptic behavioral array of G exquisita and its
relationship with the host plant could account for the
dominance of this species in the study system. Gonioterma
exquisita was sponged in all instars and there was a massive
predation in the last instar. This species is able to reproduce
and keep its abundance most likely because of its ability to
overcome adverse conditions (predators, parasitoids, climate,
and low leaf nutritional quality) and diapause, while other
species, with less restricted diets, forage lower nutritional
quality leavesin the same host plant.

There is a conjunction of factors that probably support a
great number and a high rate of survival G. exquisita
caterpillars on mature leaves of B. pachyphylla: higher leaf
digestibility; greater duration of this leaf stage, its higher
proportion throughout the year, and its high leaf specific
weight. One of the strategies that could allow G exquisita
high abundance in the wet season is the facultative diapause
across the dry season. At last, the occurrence of another
species of the same genus, G. indecora (Zeller, 1854), on the
same host plant and with similar caterpillars characteristics
supportsthe hypothesis of temporal resource sharing by these
two congeneric species.
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